'Murtilla' (Ugni molinae Turcz) is a native Chilean species that belongs to the Myrtaceae family. It produces a small, globular fruit with pleasant flavor and recognized antioxidant activity. Convective hot-air and freeze drying are important techniques for fruit preservation, but their effect on murtilla fruit polyphenols and antioxidant activity has not yet been studied simultaneously. The objective of this study was to compare the effect of convective hot-air drying at 65 and 80 ºC and freeze drying on total polyphenol content (TPC), total anthocyanin content (TAC), polyphenols and anthocyanins of the Red Pearl-INIA variety of fresh murtilla fruits as measured by HPLC and antioxidant activity (DPPH and ABTS). The freeze dried fruit retained higher values for TPC (2192.4 mg/100 g d.w.), TAC (13.4 mg/100 g d.w.), polyphenols (79.02 mg/100 g d.w. by HPLC) and anthocyanins (0.188 mg/100 g d.w. by HPLC) than the murtilla dried by convective hot-air at both 65 and 80 ºC. The application of all treatments showed a positive increase in the DPPH (2945.4 to 3677.6 μmol TE/100 g d.w.) and ABTS (2664.8 to 3397.2 μmol TE/100 g d.w.) antioxidant activity of the dried murtilla compared to the DPPH (2111.1 μmol TE/100 g d.w.) and ABTS (2247.8 μmol TE/100 g d.w.) of the fresh fruit. Freeze drying was the best technique for the retention of polyphenols and antioxidant activity from the fresh murtilla fruit. Therefore, freeze drying is recommended over convective hot-air drying at 65 and 80 ºC when these bioactive compounds need to be preserved.
Introduction
'Murtilla', 'mutilla' or 'murta' (Ugni molinae Turcz) is a native Chilean species that produces a small berry fruit with a recognized fruity, sweet and floral aroma (Scheuermann et al., 2008) and antioxidant activity (Shene et al., 2009; Ruiz et al., 2010; Rubilar et al., 2011; Speisky, López-Alarcón, Gómez, Fuentes, & Sandoval-Acuña, 2012; Alfaro et al., 2013) . Polyphenolic compounds have been associated with antioxidant and antimicrobial activity for this native species (Shene et al., 2009; Ruiz et al., 2010; Rubilar et al., 2011; Alfaro et al., 2013) . Ruiz et al. limited range of the commercial dehydrated murtilla fruit, and all products are processed only using freeze drying, such as Murtaberry from Nativ for Life, Chile. Taking technology and cost into consideration, a good alternative to freeze drying would be conventional drying using convective hot-air. This technique has been researched for different berries, and it is routinely used by the food industry (Lewicki, 2006) . However, the drawback of the convection drying is the decrease in the content of polyphenolic compounds as well as their antioxidant activity, which was reported for blueberries, Saskatoon berries and strawberries from the Kent and Elsanta cultivars. For these fruits, the decrease in total polyphenol content, total anthocyanin content and antioxidant activity varied in some cases from 24 to 82.6%. The variation depended mainly on the temperature applied, which was normally between 50 and 90 ºC, and the drying time, which could be as long as 10 h (Kwok et al., 2004; Stojanovic & Silva, 2007; Wojdyło, Figiel, & Oszmianski, 2009; López et al., 2010; Mejia-Meza et al., 2010) . Therefore, freeze drying, or lyophilization, is considered the best technique for the conservation of food, and it is recommended for preserving the polyphenols in berry fruits (de Torres, Díaz-Maroto, Hermosín-Gutiérrez, & Pérez-Coello, 2010; Grace, Massey, Mbeunkui, Yousef, & Lila, 2012) .
Recent murtilla fruit drying studies have shown that the retention of the polyphenolic compounds and the antioxidant activity depends on the technique applied and primarily on the temperature used for conventional drying (Reyes, Bustos, Vásquez, & Scheuermann, 2009; Reyes et al., 2010 ; Puente-Díaz, Ah-Hen, Vega-Gálvez, Lemus-Mondaca, & Di Scala, 2013; Rodríguez et al., 2014) . However, these studies used different genotypes of murtilla fruits and solely one drying technique in each study. Thus, no study has been performed to compare the effect of both conventional and freeze drying on the retention of polyphenols and their antioxidant activity using the same genotype or variety of murtilla fruits. Freeze drying should be better than convective hot-air drying to preserve the polyphenolic bioactive components reported in the literature for fresh murtilla fruit, but the use of adequate temperature for convective hot-air drying may also ensure the preservation of these compounds. Therefore, the objective of this study was to compare the effect of convective hot-air drying at 65 ºC (HAD 65 ºC) and 80 ºC (HAD 80 ºC) as well as freeze drying (FD) on the polyphenolic compounds and the antioxidant activity of the Red Pearl-INIA variety of fresh murtilla (Ugni molinae Turcz) fruits.
Materials and Methods

Plant Material
Fresh murtilla (Ugni molinae Turcz) fruit, Red Pearl-INIA variety (Seguel & Montenegro, 2010) , was provided by the Agricultural Research Institute (INIA-Carillanca). Freshly harvested fruit (16.8 °Brix) was subjected to rapid freezing using liquid nitrogen (-196 ºC) and was subsequently stored at -20 ºC in a freezer (Electrolux FE-26) for 20 days. This fruit was considered the fresh fruit (moisture content was 79% of the base weight) and was used in all experiments.
Chemicals
Quercetin, quercetin 3-β-glucoside, kaempferol, myricetin, catechin, gallic acid, cyanidin-3-glucoside, peonidin-3-O-glucoside, HPLC-grade methanol and sodium carbonate (Na 2 CO 3 ) were purchased from Sigma-Aldrich Co.
(St. Louis, USA). HPLC-grade acetonitrile, formic acid, 2,2'azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and Folin-Ciocalteu reagent were purchased from Merck (Darmstadt, Germany).
Drying Technique
The murtilla fruits were dehydrated by freeze drying (FD) and convective hot-air drying at 65 ºC (HAD 65 ºC) and 80 ºC (HAD 80 ºC). These temperatures were chosen because they were in the 50 to 90 ºC range reported for convective air drying of other berries (Kwok et al., 2004; Stojanovic & Silva, 2007; López et al., 2010; Leusink et al., 2010) with similar size (diameter ranging from 9 to 11 mm) and shape (globular) of murtilla fruit. The convective hot-air drying was carried out using an oven (Memmert model UFE 400, Germany) with convective air flow and temperature control. The murtilla fruit was dried at 65 °C for 8 h and 80 ºC for 4.5 h until a final moisture content of 7% wet base (w.b.) was reached. The air flow rate during HAD was 2 m s -1 and the fruit load density was 0.133 g cm -2 . A Christ Alpha 1-2 Freeze dryer (Martin Christ, Germany) was used for freeze drying with round bottom flasks at a vacuum pressure of 0.05 millibar and the condenser temperature at -55 ºC. The drying time to reduce the moisture content to 5% w.b. was 48 h. The final moisture content in the dried murtilla fruit was obtained by the equilibrium reached in each drying technique used.
Extraction Procedure
fruit (6 g) or dehydrated fruit (1 g) was ground in a mortar and transferred to a bottle, and then pre-warmed (30 ºC) methanol (20 mL) was added. The mixture was shaken in an incubator (GFL-3032, Germany) at 170 rpm and 30 °C for 20 min and filtered (Whatman Nº 1) by vacuum. The extract was protected from light and was used for the determination of total polyphenol content, total anthocyanin content, and antioxidant activity (DPPH and ABTS assays). For the determination of anthocyanins using HPLC, one portion of the extract was centrifuged at 1750 × g for 10 min at room temperature. Then, the supernatant was removed and frozen at -20 ºC. The polyphenols were determined directly from the extract. However, before HPLC analysis, the original extract or supernatant was concentrated to dryness using a rotary evaporator (Büchi R-210, Germany) at 30 ºC and 140 rpm, and it was then redissolved in 5 mL of methanol:formic acid (99:1, v/v). The evaluation of the polyphenolic compounds and the antioxidant activity was performed in triplicate for each drying techniques. All results were expressed per 100 g of dry weight to allow the comparison in polyphenols content and antioxidant activity between fresh and dried fruit. To calculate on basis of 100 g of dry weight, the dry matter of fresh (21%), HAD 65 and 80 ºC (93%) and FD (95%) fruit were used.
Total Polyphenol Content
The total polyphenol content was determined using the Folin-Ciocalteu method. Methanolic murtilla fruit extract (40 μL) was mixed with distilled water (3.16 mL) in a test tube and then 200 μL of Folin-Ciocalteu reagent was added. After 5 min at 20 ºC, 600 μL of 20% Na 2 CO 3 was added to the reaction mixture, which was maintained at mentioned temperature for 120 min in darkness. The absorbance was measured at 765 nm using a spectrophotometer (Spectronic Genesys 5, Sweden), and the results were expressed as mg of gallic acid equivalent (GAE) per 100 gram of dry weight (d.w.).
Total Anthocyanin Content
The total anthocyanin content was determined by the pH difference method described by Sellappan, Akoh, and Krewer (2002) . In two test tubes, 0.2 mL of methanolic murtilla fruit extract was mixed with 1.8 mL of both potassium chloride buffer solution at pH 1.0 and sodium acetate buffer at pH 4.5. The absorbance at 510 and 700 nm was measured for each extract-buffer mixture using a spectrophotometer (Spectronic Genesys 5, Sweden). The total anthocyanin content was determined using equations 1 and 2, as follows:
where C = anthocyanin concentration (mg/L), A = anthocyanin absorbance, MW = molecular weight of the cyanidin-3-glucoside (449.2), DF = dilution factor (1.0) and ε = molar extinction coefficient of the cyanidin-3-glucoside (26900). The result was expressed as mg of equivalent cyanidin-3-glucoside equivalent per 100 gram of dry weight (d.w.).
Polyphenols and Anthocyanins by HPLC analysis
The polyphenols and anthocyanins analyzed by HPLC in this study were based on the compounds previously identified by Rubilar et al. (2006) , Shene et al. (2009) and Ruiz et al. (2010) in murtilla fruit and leaves. The Merck Hitachi HPLC system (LaChrom, Tokyo, Japan) contained an L-7100 pump and L-4250 UV-VIS detector.
A 5 μm C-18 RP Inertsil ODS-3 column (GL Sciences Inc, Tokyo, Japan) with a 250 mm × 4.60 mm i.d. was utilized and maintained at 25 ºC. The sample extract was filtered through a 0.45 μm filter, and 20 μL was injected for the analysis of polyphenols and anthocyanins. The identification was confirmed both by comparison of their retention time with pure standards and by co-injection.
Polyphenols
HPLC analysis was performed according to the methodology described by Lopes-Lutz, Dettmann, Nimalaratne, and Schieber (2010) with modifications. A linear gradient solvent system consisting of 1% formic acid (A) and acetonitrile (B) was utilized at a flow rate of 1 mL/min as follows: 0-2 min, 100% A; 2-15 min, 80% A/20% B; 15-20 min, 70% A/30% B; 20-30 min, 40% A/60% B; and 30-35 min, 100% A. The polyphenolic compounds were monitored at 280 nm.
Anthocyanins
HPLC analysis was performed at a flow rate of 1 mL/min using a linear gradient solvent system consisting of 1% formic acid (A) and acetonitrile (B) as follows: 0-2 min, 100% A; 3-9 min, 90% A/10% B; 10-11 min, 80% 
Antioxidant Activity by DPPH Assay
Antioxidant activity was determined by free radical scavenging, which can be obtained by measuring the discoloration degree of a methanolic DPPH (2,2-diphenyl-1-picrylhydrazyl) solution (Rubilar et al., 2006; Alfaro et al., 2013) . The initial absorbance of the DPPH solution ranged from 0.630 to 0.640. An aliquot (50 μL) of methanolic murtilla fruit extract was added to 1950 μL of methanolic DPPH solution. The change in absorbance at 515 nm was measured at 30 min. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) and a calibration curve were used to evaluate the DPPH scavenging ability of the methanolic murtilla fruit extract. The results were expressed as μmol Trolox equivalent per 100 gram of dry weight (d.w.).
Antioxidant Activity by ABTS Assay
Antioxidant activity was assessed by the inhibition of the free radical ABTS (2,2'-azino-bis-(3-ethilbenzothiazoline-6-sulfonic acid) according to Re et al. (1999) . The ABTS + radical cation is formed during the reaction of ABTS and potassium. Then, the resulting blue-green colored ABTS + solution reacts directly with the antioxidant present in the sample. The reaction was carried out with 1 mL of the working ABTS + solution inside semi-micro cuvettes that were read at 734 nm (Reagent blank, E 1 ). Methanolic murtilla fruit extract (20 µL) and ethanol (20 µL) were mixed with the working solution of ABTS + . After 6 min, the absorbance was measured (Sample value, E 2 ) at 734 nm. The difference between E 1 -E 2 (∆E) was graphed versus the corresponding concentration. For this assay, a calibration curve was prepared using 20 µL of ethanol and 20 μL of Trolox solutions (final concentrations between 0 and 15 µM) added to the working solution of ABTS + . The results were expressed as μmol Trolox equivalent per 100 gram of dry weight (d.w.).
Statistical Analysis
The data were analyzed using one-way analysis of variance (ANOVA). The values obtained at p < 0.05 were considered significant. The differences between means were determined using Tukey's multiple comparison tests and Student t-tests. The results are expressed as the means of the measurements and their corresponding standard deviations. The SPSS 20.0 software suite (SPSS Inc., Chicago, IL) was used to analyze the data.
Results and Discussion
Total Polyphenol and Total Anthocyanin Contents in Fresh and Dried Murtilla Fruits
The total polyphenol content (TPC) and the total anthocyanin content (TAC) in the dried fruit obtained by freeze drying (FD) and convective hot-air drying at 65 ºC (HAD 65 ºC) and 80 ºC (HAD 80 ºC) were significantly different than the values recorded for the fresh murtilla fruit (Table 1) . Freeze drying had a positive effect by increasing the TPC and TAC in dried fruits with respect to the fresh Red Pearl-INIA murtilla. In contrast, the hot-air drying treatments showed a decrease in the TPC and TAC, except the TPC for HAD 80 ºC, which increased. Vol. 3, No. 5; Several authors have reported that freeze drying either slightly increases or retains higher TPC or TAC than the other drying techniques applied to berries and other fruits. According to Kwok et al. (2004) , freeze drying maintained higher TPC and TAC concentrations in Saskatoon berries (Amelanchier alnifolia Nutt.) than other techniques, such as air-drying, vacuum microwave drying and combination techniques with both air and microwave vacuum drying. A similar result for the TPC in strawberries was observed when fresh fruit was subjected to convective air and freeze drying methods. The latter showed a tendency to maintain the initial values obtained from the fresh fruit of three different strawberry varieties (Böhm, Kühnert, Rohm, & Scholze, 2006) . Michalczyk, Macura, and Matuszak (2009) reported only a slight decrease or increase in TPC and TAC when freeze drying was applied to bilberry, strawberry and raspberry fruits, whereas there was a greater loss in TPC and TAC when air drying was applied. On the contrary, Mejia-Meza et al. (2010) reported that the total polyphenol glucoside and aglycone compounds were retained in higher concentrations in blueberries dried by vacuum microwave and combined drying methods (hot-air drying + vacuum microwave) than the fruits subjected to freeze drying.
The unusual increase in TPC and TAC exhibited by the murtilla fruit subjected to FD could be the result of changes in cell structure and the chemical degradation associated with freezing and subsequent sublimation. Aguilera et al. (2010) observed an increase in the dihydroxybenzoic acid content in dried lentils prepared by dehydration using a forced-air tunnel at 75 ± 3 ºC for 6 h. Since this increase might originate from the disruption of cell walls during processing or the breakdown of insoluble phenolic compounds, it could have led to better extractability of these compounds.
Compared to the fresh fruit, a decrease in the TPC (37.3%) and TAC (38.5%) was observed in the dried fruit prepared by HAD 65 ºC, but for the murtilla fruit treated with HAD 80 ºC, the TPC increased (21.4%) but the TAC decreased (66.7%). Böhm et al. (2006) observed a 23.6 to 33.1% decreases in total polyphenols, depending on the strawberry variety, when convective hot-air drying (~60 ºC for 220 min) was used. Furthermore, a decrease was observed for TPC (35.9%) and TAC (73 and 63.5%) in the Kent and Elsanta strawberry cultivars when convective hot-air (70 ºC and air velocity of 1 m s -1 ) was applied (Wojdyło et al., 2009 ). According to Mejia-Meza et al. (2010) , total phenolic glycosides and aglycones content were reduced by approximately 80% when raspberries were dried with air at 76.6 ºC for 4.5 h (final moisture content ~5%). Saskatoon berries (Amelanchier alnifolia Nutt. cv. Thiessen and Smoky) dried using convective air at 75 ºC showed decreased TPC and TAC, ranging from 65.5 to 56.5% and 87.6 to 83.4%, respectively (Kwok et al., 2004) . The results of this study are consistent with those reported in the literature for berries dried using hot-air, except for the TPC, which increased with HAD 80 ºC. However, when red grapes were dried using hot-air at 40 ºC and a relative humidity of approximately 20%, Serratosa, Marquez, Lopez-Toledano, Medina, and Merida (2011) hypothesized that the increase in the concentrations of the phenol compounds was a result of a) water evaporation, b) improved extraction from skins, and c) compound hydrolysis and/or biosynthesis. The decrease in polyphenol and anthocyanin contents after heat treatments is associated with degradation of the compounds, which generates smaller molecules, or in the case of the anthocyanins, produces molecular ring rupture (Furtado, Figueiredo, Chaves das Neves, & Pina, 1993) . Moreover, high temperatures can affect the stability of the anthocyanin monomers, resulting in polymerization (Markakis, 1982) . These changes may affect the reactivity of the aromatic rings, which will be evident when the polyphenols are measured in the presence of Folin-Ciocalteu reagent.
Polyphenols and Anthocyanins in Fresh and Dried Murtilla Fruit by HPLC Analysis
The polyphenolic compounds identified in fresh, Red Pearl-INIA murtilla fruit (Table 2) were gallic acid, catechin, quercetin glucoside, myricetin, quercetin and kaempferol, which have also been reported by Rubilar et al. (2006) , Shene et al. (2009) and Ruiz et al. (2010) for murtilla fruit and leaves. There were significant differences in the contents of these specific phenolic compounds between the fresh and dried fruit. The data are expressed as the mean ± the standard deviation of three replicates. Values with different superscripted letters within rows differ significantly and were tested by ANOVA and Tukey's HDS at p < 0.05. Abbreviations: hot-air drying at 65 ºC (HAD 65 ºC) and 80 ºC (HAD 80 ºC) and freeze drying (FD).
The most abundant compound in the fresh fruit was quercetin 3-β-D-glucoside, which represented 75.4% of the identified compounds (208.2 mg/100 g d.w.). An important decline in this glucoside was observed when the fresh fruit was subjected to HAD 65 ºC, HAD 80 ºC and FD. Among the identified polyphenols, catechin was the compound that had the highest content in the murtilla fruit dried by any of the evaluated techniques (for HAD 65 ºC, 78.3%; for HAD 80 ºC, 87.3%; and for FD, 88.5%). With respect to the fresh fruit content (35.1 mg/100 g d.w.), the catechin concentration showed no significant increase for dried fruit prepared with HAD 80 ºC and FD and no significant decrease with HAD 65 ºC ( Table 2 ). The gallic acid content in the fruit prepared by FD increased compared to the concentration in fresh fruit (0.51 mg/100 g d.w.). For the HAD treatments, the gallic acid content in the dried fruit increased compared to the fresh fruit, but the values were not significantly different.
The quercetin 3-β-D-glucoside, myricetin and kaempferol concentrations decreased significantly in the dried fruit compared to the fresh fruit. The degradation of these three compounds during the drying process could be attributed to the formation of gallic acid and catechin, which were present at a higher concentration in the dried fruit compared to the fresh fruit. Wojdyło et al. (2009) reported an increase in the levels of (+)-catechin in dried strawberries after different drying processes, especially for the Elsanta cultivar, which was attributed to the depolymerized effect of the pro-anthocyanidins in strawberries and their conversion into elementary units. A significant increase in concentration in the dried fruit obtained by HAD 80 ºC was only observed for quercetin.
With respect to the fresh murtilla fruit (208.2 mg/100 g d.w.), the total polyphenols by HPLC decreased upon treatment with HAD 65 ºC, HAD 80 ºC and FD, as determined by HPLC (Table 2) , but FD resulted in the highest retention (79.0 mg/100 g d.w.) of these components. This result agrees with the reports by Wojdyło et al. (2009) and de Torres et al. (2010) , who also reported that among different drying methods, freeze drying resulted in greater retention of total polyphenols and flavonols, as determined by HPLC in dried strawberries and Carménère grape skins, respectively.
The contents of the anthocyanin compounds in fresh and dried murtilla (Red Pearl-INIA variety) fruits are shown in Table 3 . The data are expressed as the mean ± the standard deviation of three replicates. Values with different superscripted letters within rows differ significantly and were tested by ANOVA and Tukey's HDS at p < 0.05.
Abbreviations: hot-air drying at 65 ºC (HAD 65 ºC) and 80 ºC (HAD 80 ºC) and freeze drying (FD).
The cyanidin-3-glucoside and peonidin-3-O-glucoside concentrations have been reported by Ruiz et al. (2010) in wild murtilla fruit. The concentrations of the individual anthocyanins in dried fruit decreased with respect to the fresh murtilla. Among the anthocyanin compounds, cyanidin-3-glucoside was the most stable compound and it was retained in the highest proportion (38.7%) in the murtilla fruit dried using freeze drying. Additionally, FD retained the highest proportion (21.2%) of peonidin-3-O-glucoside with respect to the initial concentration present in the fresh fruit.
Similar to the total polyphenols (Table 2) , the drying temperatures employed herein resulted in a decrease in the total anthocyanin content with respect to the fresh murtilla fruit (0.799 mg/100 g d.w.), which was determined by HPLC (Table 3 ). Similar effects above anthocyanins thermical stability has been reported by Keith and Powers (1965) and Furtado et al. (1993) . Using HPLC-based measurements, the retention of total anthocyanins tends to be better for FD (23.5%). Using HPLC-based quantification, studies with dried strawberries (Wojdyło et al., 2009) and Carménère grape skins (de Torres et al., 2010) showed that freeze drying provided greater retention of total anthocyanins with respect to other drying techniques. Additionally, dried cranberries obtained by freeze drying showed higher contents of three anthocyanins than the fruit dried by air and vacuum microwave drying (Leusink et al., 2010) .
Antioxidant Activity in Fresh and Dried Murtilla Fruit by DPPH and ABTS Assay
The antioxidant activity, which was measured by DPPH and ABTS assays, in fresh and dried Red Pearl-INIA murtilla fruit dried by different techniques is presented in Table 4 . The antioxidant activities from both assays (DPPH and ABTS) were expressed as μmol Trolox equivalent per 100 g d.w. An increase in the DPPH and ABTS of the dried fruit compared to with fresh murtilla was observed for HAD 65 ºC, HAD 80 ºC and FD. The murtilla fruits dried by HAD 65 and 80 ºC showed similar antioxidant activity levels for both DPPH and ABTS. For the murtilla fruits dried by FD, the DPPH was higher than the ABTS. This activity difference could possibly be attributed to variation in the polyphenol composition, which benefitted one of the reactions used for determination of the antioxidant activity. The increase in the DPPH and ABTS values of the dried murtilla fruits (compared to the fresh fruit) treated by the drying techniques evaluated herein is not a typical behavior reported for other berries. The different drying methods evaluated for Saskatoon berry (Amelanchier alnifolia Nutt.), strawberry, raspberry and cranberry fruits have shown a decrease in antioxidant activity (Kwok et al., 2004; Böhm et al., 2006; Wojdyło et al., 2009; Leusink et al., 2010; Mejia-Meza et al., 2010) . For the Saskatoon berries, the DPPH antioxidant capacity of the dried fruit compared to the fresh decreased by 41.3% and 73.9% upon application of freeze drying and convective air drying, respectively (Kwok et al., 2004) . Moreover, Wojdyło et al. (2009) reported a significant decrease in the DPPH antioxidant activity when freeze drying (12.8%) and convective air drying (37.9%) methods were applied to strawberry fruits.
ºC and FD represents a favorable effect. Reyes et al. (2009) also reported an increase in DPPH antioxidant activity (EC 50 ) and a decrease in polyphenols when murtilla fruits from ecotype 14-4 INIA from the Carillanca Genetic Bank were evaluated by vacuum and atmospheric freeze drying. Additionally, the antioxidant efficiency (1/EC 50 ) was not significantly affected in dried blueberry fruits prepared by vacuum or atmospheric freeze drying (Reyes et al., 2011) .
The increase in antioxidant activity observed herein could be related to changes in the composition of polyphenols and possibly associated with the increase in the aglycone compounds, such as gallic acid and catechin (Table 2) . Mrkic, Cocci, Dalla Rosa, and Sacchetti (2006) reported a higher antioxidant activity of air dried (50-100 °C, 25-90 min) broccoli with respect to the fresh vegetable. The authors explained this result by hypothesizing that there was an increase in compounds released from the matrix, hydrolytic phenomena during drying and polyphenol oxidation that resulted in oligomers with higher antioxidant activity than the native compounds. Serratosa et al. (2011) also reported an increase in the hydrophilic and lipophilic antioxidant activities in red grapes during the air drying process (40 °C and a relative humidity of approximately 20%), which was related to the increase in phenol compounds.
Conclusions
The application of FD on the Red Pearl-INIA variety of fresh murtilla (Ugni molinae Turcz) fruits preserved both the total polyphenol content and the total anthocyanin content respect to fresh fruit. HAD 65 ºC, HAD 80 ºC and FD produced a variation in the composition of the polyphenols and anthocyanin compounds within the fresh murtilla fruit. Compared to HAD 65 ºC and HAD 80 ºC, freeze drying showed higher total polyphenols and anthocyanins by HPLC. The application of HAD 65 ºC, HAD 80 ºC and FD showed a positive effect on the antioxidant activity because these drying techniques increased the DPPH and ABTS of the dried murtilla fruits in comparison to the fresh fruit. This increase could be explained by variations in the composition of polyphenolic compounds, such gallic acid and catechin. In conclusion, freeze drying is the best technique for the retention of polyphenolic compounds and the antioxidant activity of the Red Pearl-INIA variety of fresh murtilla fruit. Therefore, freeze drying is recommend over HAD at 65 or 80 ºC when bioactive polyphenol compounds need to be preserved in murtilla fruit.
